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© Differential receiver which is tolerant of line faults. 



© A multiplex transmission apparatus 10 in accordance with the present invention is interconnected with other 
multiplex transmission apparatuses via common transmission lines 20 and 21, and it is used for a multiplex 
transmission system which performs data transmission. The multiplex transmission apparatus 10 comprises 
voltage converting circuits 22 and 23 which detect voltages "a" and "b" of the transmission lines 20 and 21, the 
first comparator 24 which compares the detected voltages "a" and w b n , the second comparator 25 which 
compares one voltage "a" of the detected voltages with a reference voltage Vc, and the third comparator 26 
which compares the other detected voltage w b" with a reference voltage Vd, The comparators 24 through 26 
supply the comparison results to differential circuits 27 through 29. respectively, set the output of the differential 

^ circuit linked to a comparator, which is connected to a faulty line, for "L M , and determine the logical sum of the 

^ outputs of the differential circuits 27 through 29 by a logical synthesizing circuit 31. By applying the determined 
logical sum to a multiplex transmission control circuit 32, the apparatus makes it possible to reduce wasteful 

£i| message transmission and successfully cope with faults in the transmission lines without causing delay in 
transmission of messages which require quick responses and without increasing the traffic volume of the 
transmission lines. The multiplex transmission control circuit 32 detects signals on the transmission lines 

^ according to the comparison results of the comparators 24 through 26. 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

5 The present invention relates to a multiplex transmission apparatus which is connected to multiplex 

transmission lines to detect signals transmitted to the multiplex transmission lines. 

DESCRIPTION OF THE RELATED ART 

70 This type of multiplex transmission apparatus is found, for example, in the publication of Unexamined 
Japanese Patent Application No. H2-20998. In this multiplex transmission apparatus, three comparators are 
connected to two transmission lines, i.e., the first and second transmission lines, via a filter circuit. These 
comparators compare voltages received from the two transmission lines, and also compare the voltage 
received from one of the transmission lines with a preset bias voltage. Outputs from these comparators are 

75 supplied to a fault detecting means and a multiplexer. The fault detecting means detects faults in the 
transmission lines in accordance with outputs of these comparators and sends the first and second output 
signals based on the aforementioned fault to the multiplexer. In the multiplexer, one of the outputs of the 
comparators is selected, and the selected output is supplied to a multiplex transmission control circuit or 
the like. This multiplexer determines the above-mentioned output to be selected in accordance with output 

20 signals received from the aforementioned fault detecting means. 

More specifically, if neither transmission line has a fault, then both output signals of the fault detecting 
means become "0", and the output of the first comparator, for instance, is selected as the output of the 
multiplexer. If there is a fault in the first transmission line, then the first output signal from the fault detecting 
means becomes "0", while the second output signal becomes "1", while the second output signal becomes 

25 "1", the output of the second comparator being selected as the selected output of the multiplexer. If the 
second transmission line has a fault, the first output signal from the fault detecting means becomes "1 n , 
and the second output signal M 1 n , the output of the third comparator being selected as the selected output 
of the multiplexer. Thus, in the multiplex transmission apparatus, signals received from both transmission 
lines are supplied to three comparators, the fault detecting means detects faults in the transmission lines 

30 from the outputs of the comparators, and the multiplexer selects one receivable comparator output in 
accordance with the detection result. 

In this multiplex transmission apparatus, if a fault takes place in a transmission line, comparator outputs 
are switched by the multiplexer even while signal messages are being received from the transmission line. 
This disables the multiplex transmission apparatus from receiving the messages and therefore the 

35* apparatus has to re-receive the same messages which are re-sent. Thus, in multiplex transmission which 
requires quick message transmission, this multiplex transmission apparatus is likely to develop delayed 
operation due to delay in transmission. Further, in this multiplex transmission apparatus, a large traffic 
volume of the transmission lines results in a further increased traffic volume, possibly leading to significant 
transmission delay in the whole multiplex transmission system. Further, the multiplex transmission appara- 

40 tus disclosed in the aforementioned Japanese publication uses a special frame, and thus is limited in 
application. 

SUMMARY OF THE INVENTION 

45 The present invention is intended to solve the above-mentioned problems, and it is accordingly an 
object of this invention to provide a multiplex transmission apparatus which has a wide range of application, 
and which is capable of reducing wasteful message communication and coping with a fault in a transmis- 
sion line without causing delay in transmission of a message, which requires a quick response, and without 
increasing the traffic volume of the transmission lines. 

so Another object of the present invention is to provide a multiplex transmission apparatus which is 
capable of recovering communication even if such failures as a short circuit between the two transmission 
lines occur. 

The aforementioned objects are fulfilled by the multiplex transmission apparatus in accordance with the 
present invention, the multiplex transmission apparatus being interconnected with other multiplex transmis- 
55 sion apparatuses via at least two common transmission lines, which multiplex transmission apparatus 
comprising; 

a converting means which converts the signals of the foregoing transmission lines into corresponding 
voltages; 
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the first comparing means which compares the converted voltages of the transmission lines; 
the second comparing means which compares one of the converted transmission line voltages with a 
predetermined reference voltage; 

the third comparing means which compares the other of the converted transmission line voltages with a 
5 predetermined reference voltage; 

the first output means which issues a low-level signal when an output level of the comparison result of 
the foregoing first comparing means stays at a high level for a predetermined time; 

the second output means which issues a low-level signal when an output level of the comparison result 
of the foregoing second comparing means stays at a high level for a predetermined time; 
10 the third output means which issues a low-level signal when an output level of the comparison result of 
the foregoing third comparing means stays at a high level for a predetermined time; 

a logical synthesizing means which logically synthesizes the outputs of the foregoing output means; 

and 

a signal detecting means which receives the synthesizing results of the foregoing logical synthesizing 
15 means and detects signals in the foregoing transmission lines according to the synthesizing result. 

According to the aforementioned multiplex transmission apparatus, an output from the first comparing 
means is sent to the first output means, an output from the second comparing means to the second output 
means, and an output from the third comparing means to the third output means; the output of the output 
means which is linked to the comparing means connected to a transmission line incurring a fault is set to 
20 the low level; and a logical sum of the outputs of the respective output means is supplied to the receiving 
means. Thus, even if a transmission line incurs a fault while signals are being received, the receiving of the 
signal can be continued, permitting transmission of messages without any waste. 

The aforementioned objects, characteristics, and advantages of the present invention will be made more 
apparent from the following detailed description taken in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a configuration block diagram which illustrates the first embodiment of the multiplex transmis- 
sion apparatus in accordance with the present invention; 

FIG. 2 is a diagram which shows the relationship between signals and voltages when the transmission 
lines are normal; 

FIG. 3 is a diagram which shows output voltages in the voltage converting circuits shown in FIG. 1; 
FIG. 4 is a configuration block diagram which shows the second embodiment of the multiplex 
transmission apparatus in accordance with the present invention; 

FIG. 5 is a circuit diagram which shows another embodiment of the bias voltage supply circuit and the 
driving circuit shown in FIG. 4; 

FIG. 6 is a configuration block diagram which shows the third embodiment of the multiplex transmission 
apparatus in accordance with the present invention; 

FIG. 7 shows the fourth embodiment of the multiplex transmission apparatus in accordance with the 
present invention and it is a configuration block diagram which shows a major section of the configura- 
tion; 

FIG. 8 shows the fifth embodiment of the multiplex transmission apparatus in accordance with the 
present invention and it is a configuration block diagram which shows a major section of the configura- 
tion; and 

FIG. 9 is a configuration block diagram which shows the sixth embodiment of the multiplex transmission 
in accordance with the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to FIG. 1, a multiplex transmission apparatus 10 in accordance with the present invention is 
interconnected with other multiplex transmission apparatuses 11 via two transmission lines 20 and 21. In 
this multiplex transmission apparatus 10, three comparators 24 through 26 are connected to the transmis- 
sion lines 20 and 21 via voltage converting circuits 22 and 23. 

The comparator 24 compares voltages "a" and "b" from the two transmission lines 20 and 21. The 
comparator 25 compares the voltage "a" from the transmission line 20 with a reference voltage Vc. The 
comparator 26 compares the voltage "b M from the transmission line 21 with a reference voltage Vd. 

When the transmission lines 20 and 21 are normal, the signal voltages of the transmission lines 20 and 
21 exhibit the voltage waveforms shown in FIG. 2. The passive signal shown in the figure provides an input 
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of a multiplex transmission control circuit 32 to be discussed later; in other words, it refers to a signal on the 
transmission line 20 or 21 where an output "i" of a logical synthesizing circuit 31 is expected to be at low 
level The dominant signal refers to a signal on the transmission line 20 or 21 where the aforementioned 
output "i n is expected to be at high level. The signals on the transmission lines 20 and 21 are converted by 
5 voltage converting circuits 22 and 23 to output voltages a" and "b" in the states shown in FIG. 3. Further, in 
this embodiment, the reference voltages Vc and Vd supplied to the comparators 25 and 26 are set as 
shown in FIG. 3. 

The relationship between the individual states of the transmission lines 20 and 21 and the correspond- 
. ing outputs of the comparators 24 through 26 is as shown in Table 1. 

10 

Table 1 



75 


Mode 


State of transmission 
lines 


Comparator output 


Passive 


Dominant 




1 


Normal 


Output c of the 1st comparator 
24 Output d of the 2nd 
comparator 25 Output e of the 
3rd comparator 26 


"L" "L n n l_ M 




20 


2 


Fault: Power short 
circuit in transmission 
line 20 


Output c of the 1st comparator 
24 Output d of the 2nd 
comparator 25 Output e of the 
3rd comparator 26 


If j_j ti n j_| tt n |^ it 


nj_jtt "J-j" n |-J" 


25 


3 


Fault: Power short 
circuit in transmission 
line 21 


Output c of the 1st comparator 
24 Output d of the 2nd 
comparator 25 Output e of the . 
3rd comparator 26 


"L" n L" "L™ 


"L" "H" "L" 


30 


4 


Fault: GND short 
circuit in transmission 

lino. OH 

line £\j 


Output c of the 1st comparator 
24 Output d of the 2nd 

COlTiparalUr <0 UUl|JUl o Ol lllo 

3rd comparator 26 




"L" "L" "H" 


35 


5 


Fault: GND short 
circuit in transmission 
line 21 


Output c of the 1st comparator 
24 Output d of the 2nd 
comparator 25 Output e of the 
3rd comparator 26 


"H" "|_" "H" 


tt | j it n | | ti n | | tr 


40 


6 


Fault: Disconnection 
in transmission line 20 


Output c of the 1st comparator 
24 Output d of the 2nd 
comparator 25 Output e of the 
3rd comparator 26 


n L M "I l w " L. n 


li |_| tt n |_| ti iij jit 


45 


7 


Fault: Disconnection 
in transmission line 21 


Output c of the 1st comparator 
24 Output d of the 2nd 
comparator 25 Output e of the 
3rd comparator 26 


ii^t? "[ | n 


" |-| " "||" "||" 


50 


8 


Fault: Short circuit 
between transmission 
lines 20 and 21 


Output c of the 1st comparator 
24 Output d of the 2nd 
comparator 25 Output e of the 
3rd comparator 26 


"H"("H n ) 
"HTH") 
"L"( n H") 


"H"("H") 
"L"("H") 
"H ,, ("H") 



The voltages a" and "b" after conversion will be as shown in FIG. 3 when the transmission lines 20 and 
21 are normal and free of any failures. In response to the passive signal, all outputs "c" through "e" of the 
55 respective comparators 24 through 26 will be low level (hereinafter referred to as "L") as shown in the 
mode 1 of Table 1. In response to the dominant signal, all outputs "c" through "e" of the comparators 24 
through 26 will be high level (hereinafter referred to as "H"). Also, the outputs "c" through "e" of the 
comparators 24 through 26 will be as shown in the modes 2 through 7 of Table 1 when the faults shown in 
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FIG. 3 occur. The mode 8 is an example of the second embodiment to be discussed later 

The outputs "c" through "e" of the comparators 24 through 26 are supplied to differential circuits 27 
through 29, respectively. In the multiplex transmission apparatus 10. the differential circuit 27 comprises a 
counter 27a and an AND gate 27b, the differential circuit 28 comprises a counter 28a and an AND gate 28b 
and the differential circuit 29 comprises a counter 29a and an AND gate 29b. The outputs "c" through "e" 
of the comparators 24 through 26 are supplied to the counters 27a, 28a, and 29a, and the AND gates 27b 
28b, and 29b. 

The counters 27a, 28a, and 29a detect whether the outputs "c" through "e" of the comparators 24 
through 26 stay in the "H" state for a predetermined time, e.g., for more than T1 time. The counters 27a 
28a, and 29a issue "L" if the outputs "c" through "e" of the comparators 24 through 26 stay in the "H" 
state for more than the T1 time while they issue "H" in normal operation. In this embodiment the 
predetermined time T1 is longer than the longest "H" signal in a message, i.e., it is equivalent to 
approximately a 1/2 to 1 message length. The time T1 may differ among the counters 27a through 29a 

The AND gates 27b. 28b, and 29b calculate logical products of the outputs "c" through "e" of the 
comparators 24 through 26 and the outputs of the counters 27a through 29a. then issue the calculation 
results. 

Outputs "g" and "h" of the AND gates 28b and 29b are supplied to an OR gate 30 and a signal 
comparing c.rcu.t 33, respectively. The outputs of the counters 28a and 29a are sent to a logical 
synthesizing circuit 31 other than the aforementioned AND gates 28b and 29b. Further, an output "f" of the 
AND gate 27b is supplied to the logical synthesizing circuit 31. 

The OR gate 30 supplies a logical sum of the outputs "g" and "h" of the AND gates 28b and 29b to the 
logical synthesizing circuit 31. 

The logical synthesizing circuit 31 of the multiplex transmission apparatus 10 is comprised of an AND 
gate 31a connected to the counters 28a and 29a, an AND gate 31b connected to the AND gate 27b and the 
amS ° ate o 13 ' counters 31 c and 31 d connected to the AND gate 31b, an OR gate 31 e connected to the 
AND gate 31a and the counter 31d, an RS flip-flop 31f connected to the counter 31c and the OR gate 31e 
an AND gate 31 g, and an OR gate 31 h connected to the AND gate 31 b and the AND gate 31 g ' 

The AND gate 31a calculates logical products of the outputs received from the counters 28a and 29a 
and sends the calculation results to the AND gate 31b and the OR gate 31 e. 

The AND gate 31b calculates logical products of the output "f" received from the AND gate 27b and 
the output received from the AND gate 31a, and sends the calculation results to the counters 31c and 31d 
and the OR gate 31 h. 

The counter 31c detects whether an output from the AND gate 31b stays in the "H" state for more than 
a predetermined time, for example, T2 time. If the output from the AND gate 31b stays in the "H" state for 
more than the aforementioned T2 time, then the counter 31c applies an "H" reset signal to the RS flip-flop 
3lf. In this embodiment, the predetermined time T2 is approximately equivalent to a length of 1/2 to 10 bits 
The counter 31 d detects whether an output of the AND gate 31b stays in the "L" state for more than 
the aforementioned predetermined time T1. If the output of the AND gate 31b stays in the "L" state for 
more than the T1 time, then the counter 31 d issues the "H" set signal to the OR gate 31 e. 

The OR gate 31 e calculates logical sums of the outputs received from the AND gate 31a and the 
counter 31 d. and applies the reset signal, which is the calculation result, to the RS flip-flop 31 f 

The RS flip-flop 31f is reset by the reset signal received from the counter 31c, while it is set by the set 
signal rece.ved from the OR gate 3le, and it sends the "H" signal to the AND gate 31g. 

The AND gate 31 g calculates logical products of the outputs from the OR gate 30 and the RS flio-floD 
31 f, and applies the calculation results to the OR gate 31 h. 

The OR gate 31 h calculates the logical sums of the outputs from the AND gates 31b and 31g and 
applies the calculation results (data) V to the multiplex transmission control circuit 32 and the signal 
comparing circuit 33. a 

The multiplex transmission control circuit 32 takes in the data "i" from the OR gate 31 and controls the 
connected devices according to the aforementioned data "i". 

The signal comparing circuit 33 comprises a signal comparator 33a connected to the AND gate 28b and 
the OR gate 31 h, and a signal comparator 33b connected to the AND gate 29b and the OR gate 31 h 
^ D Th f S?^ 1 com P arator 33a compares an output "g" from the AND gate 28b with an output V from the 

9ate 31 h, and supplies the comparison result to a display circuit 34. 
. T h ® ! ignal comparator 33b compares the output h given by the AND gate 29b with the output i given 
oy the OR gate 31 h, and supplies the comparison result to the display circuit 34. 

Th e display circuit 34 comprises a display 34a, which shows the comparison results (information on 
failures in the transmission line 20) given by the signal comparator 33a. and a display 34b which shows the 



6 



EP 0 529 602 A2 



comparison results (information on failures in the transmission line 21) given by the signal comparator 33b. 

The operation of the multiplex transmission apparatus 10 shown in FIG. 1 will now be described for 
each mode shown in Table 1. For the convenience of explanation, the modes 1 through 3 will be explained. 
In the mode 1, if the signal transmitted to the transmission lines 20 and 21 is the passive signal as 

5 shown in Table 1, then all outputs "c w through "e" of the comparators 24 through 26 will be in the "L" state. 
Likewise, in the mode 1 , if the signal transmitted to the transmission lines 20 and 21 is the dominant signal 
as shown in Table 1, then all outputs "c" through "e" will be in the "H" state. Accordingly, as long as the 
transmission lines 20 and 21 stay in the normal condition, the "H" state, which continues for more than the 
predetermined time T1, does not exist in the outputs "c" through "e" of the comparators 24 through 26. 

w Therefore, the counters 27a, 28a, and 29a always issue "H", causing the AND gates 27b, 28b, and 29b to 
open, and the outputs n c" through "e" of the comparators 24 through 26 will be the outputs "f" through "h w . 

If the multiplex transmission apparatus 10 is in an idle state where no message is received from the 
transmission lines 20 and 21, that is, if the passive signal lasts for more than 1 message long, then the 
output "f" of the AND gate 27b will be "L" also for more than 1 message long. This causes the counter 31 d 

75 to issue the set signal to set the RS flip-flop 31f. When the RS flip-flop 31f has been set and the rt H" signal 
is issued, the AND gate 31g is opened. Then the AND gate 31g lets the logical sum of the outputs n g n and 
"h" of the AND gates 28b and 29b, i.e., the output of the OR gate 30, to pass. 

The AND gate 31a also issues "H rt , causing the AND gate 31b to open; therefore, the output "f n of the 
AND gate 27b passes through the AND gate 31b. Accordingly, the logical sum of the outputs T through 

20 "h rt is supplied as the output "i" from the OR gate 31h to the multiplex transmission control circuit 32. 

Then, when a message is received, a signal on the transmission line 20 or 21 is switched from the 
passive signal to the dominant signal, causing the output "f" of the AND gate 27b to become "H". If the 
level of the output "f" stays in the "H" state for more than the 1/2 bit long, then the counter 31c issues the 
reset signal to reset the RS flip-flop 31 f. By this reset signal, the RS flip-flop 31 f is reset and it issues the 

25 "L" signal, causing the AND gate 31g to close. Accordingly, the output "f" from the AND gate 27b is 
applied to the output V of the OR gate 31 h, and the output i is taken into the multiplex transmission control 
circuit 32. In the multiplex transmission control circuit 32, signals on the transmission lines are detected in 
accordance with the output "i n which is the comparison result of the comparators 24 through 26. The state, 
where the output "f n is issued as the output "i" to the multiplex transmission control circuit 32, lasts until a 

30 message ends and the passive signal, which is longer than 1 message, is detected. The reason that only 
the output "f " from the AND gate 27b is supplied while messages are being received is because the 
comparator 24 has higher resistance to noises than the comparators 25 and 26. 

The signal comparator 33a takes the then outputs "g" and T from the AND gate 28b and the OR gate 
31 h and compares these outputs "g" and n i w . The signal comparator 33b also takes in the then outputs "h" 

35 and "i" from the AND gate 29b and the OR gate 31 h and compares these outputs "h" and "i". In this case, 
the aforementioned outputs "g" and T, and the outputs "h" and "i" coincide with each other, respectively; 
therefore, the signal comparators 33a and 33b output information, which indicates that the transmission lines 
20 and 21 are normal, to the displays 34a and 34b, so that the displays 34a and 34b can indicate the 
aforementioned information. 

40 In the case of the mode 2, as shown in Table 1, the outputs w c" and "d" of the comparators 24 and 25 
will always be "H" whether the signals on the transmission lines 20 and 21 are passive or dominant. 
Accordingly, the AND gates 27b and 28b are closed by the outputs from the counters 27a and 28a. The 
outputs "c" and "d" from the comparators 24 and 25 do not appear in the outputs M f" and "g" of the AND 
gates 27b and 28b, and therefore the outputs will always be "L". However, the output "e" of the comparator 

45 26 becomes at the same output level as that in the aforementioned normal condition; therefore the counter 
29a can always issue "H". This causes the AND gate 29b to open, and the output "e" of the comparator 26 
to appear in the output "h" of the AND gate 29b. 

At this time, the AND gates 31a is closed by the output received from the counter 28a, and the output 
of the AND gate 31a becomes "L". Accordingly, the AND gate 31b is closed, the output of the OR gate 31e 

50 becomes "H n , and the RS flip-flop 31f is set, causing the AND gate 31 g to open. Therefore, a logical sum 
of the outputs g and h from the AND gates 28b and 29b appears in the output "I" of the OR gate 31 h, and 
this output n i° is taken into the multiplex transmission control circuit 32. The multiplex transmission control 
circuit 32 detects signals on the transmission lines in accordance with the output "i" which is a comparison 
result of the comparators 24 through 26. 

55 The signal comparator 33a takes in the then outputs "g" and n i° from the AND gate 28b and the OR 
gate 31h and compares the outputs "g" and "i". In this case, the outputs "g" and "i" disagree; therefore, 
the signal comparator 33a outputs information, which indicates that the transmission line 20 has incurred a 
failure, to the display 34a, so that the display 34a can indicate the aforementioned information. 
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In this mode 2, for the output "i" of the OR gate 31 h, only the output T can be excluded from the 
output of a logical sum of the outputs "f through "h", eliminating the need of switching the outputs of the 
comparators as in the prior art. 

In the case of the mode 3, as shown in Table 1, the outputs M c" and "e" of the comparators 24 and 26 
will always be "L M whether the signals on the transmission lines 20 and 21 are passive or dominant. 
Accordingly, the AND gates 27b and 29b are closed by the outputs n c" and "e" from the comparators 24 
and 26, and the outputs T and M h M from the AND gates 27b and 29b always become "L M . However, the 
output d of the comparator 25 becomes at the same output level as that in the aforementioned normal 
mode; therefore, the AND gate 28b is opened, and the output "d" of the comparator 25 appears in the 
output "g" of the AND gate 28b. 

At this time, the output of the AND gate 31a is "FT, but the output "f" of the AND gate 27b is "L", and 
therefore the output of the AND gate 31b becomes "L". Accordingly, the output given by the counter 31 d 
becomes "H", and the RS flip-flop 31f is set, causing the AND gate 31g to open. Therefore, a logical sum 
of the outputs T through "h" from the AND gates 27b, 28b and 29b appears in the output V of the OR 
gate 31 h, and this output "i" is taken into the multiplex transmission control circuit 32. The multiplex 
transmission control circuit 32 detects signals on the transmission lines in accordance with the output V 
which is a comparison result of the comparators 24 through 26. 

The signal comparator 33b takes in the then outputs w h" and V from the AND gate 29b and the OR 
gate 31 h, and compares the outputs "h n and V. In this case, the outputs "h M and "i" disagree; therefore, 
the signal comparator 33b outputs information, which indicates that the transmission line 21 has incurred a 
failure, to the display 34b, so that the display 34b can indicate the aforementioned information. 

In this mode 3, it is preset so that the outputs T and "h" become "L" in the logical sums of the 
outputs T through "h", thus eliminating the need of switching the outputs of the comparators as in the 
prior art. 

Likewise, for the modes 4 through 7, the output V can be determined in the logical sums of the 
outputs "f" through "h" by following the same approach as that for the aforementioned mode 2 or 3. 

Thus, in this embodiment, it is arranged so that one of the three or more comparators remains capable 
of receiving even if one of the transmission lines fails, and the outputs of these comparators pass through 
their respective differential circuits, thus automatically setting the output of the differential circuit, which is 
linked to a comparator connected to the faulty transmission line, to "L", Only normal signals are sent to the 
multiplex transmission control circuit by using a logical sum of the outputs of those differential circuits as 
the input to the multiplex transmission control circuit. This enables, in this embodiment, automatic receiving 
without depending on message receiving even if one of the transmission lines incurs a failure, thus making 
it possible to perform message transmission with no waste. Further, in this embodiment, the constants of 
the differential circuits are set such that the respective counters remain in "H" state for a fixed time. It is 
therefore possible to use an ordinary frame and thus a wide range of application is ensured. 

FIG. 4 is a configuration block diagram which shows the second embodiment of the multiplex 
transmission apparatus in accordance with the present invention. In the figure, the same sections as those 
in the first embodiment of FIG. 1 are assigned the same signs for the convenience of explanation. 

Referring to FIG. 4, the configuration of this multiplex transmission apparatus differs from that of the first 
embodiment in that the outputs of the counters 27a through 29a are supplied to an AND gate 31 i of the 
logical synthesizing circuit 31 in addition to the sections shown in the first embodiment and that the RS flip- 
flop 31j of the logical synthesizing circuit 31 is set by an output of the counter 28a and reset by an output 
of the AND gate 31 i. Further in this embodiment, the transmission lines are connected to a bias voltage 
supply circuit 35 and a driving circuit 36 when the RS flip-flop 31j is set, while the transmission lines are 
disconnected from the bias voltage supply circuit 35 and the driving circuit 36 when the RS flip-flop 31j is 
reset. 

The bias voltage supply circuit 35 comprises a resistor R1 connected between the transmission line 21 
and the power supply, a resistor R2 connected between the transmission line 20 and the ground, a switch 
35a which is provided between the resistor R2 and the ground and which is switched by an output of the 
RS flip-flop 31j, and a resistor R3 connected between the transmission line 20 and the ground, and it 
supplies bias voltage to the transmission lines 20 and 21. By setting the resistance value of the resistor R3 
sufficiently higher than those of the resistors R1 and R2, e.g., by setting the resistance value of the resistor 
R3 to about 1k 0 when the values of the resistors R1 and R2 are about 100 0 , the bias voltage of the 
transmission lines is adequately set to the power supply side even in the event that the transmission lines 
20 and 21 are short-circuited. 

The driving circuit 36 comprises a constant-current section 36a which supplies current to the transmis- 
sion line 20, a constant-current section 36b which takes in currents from the transmission line 21 , a buffer 
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36c provided between the constant-current section 36b and the multiplex transmission control circuit 32, 
and a switch 36d which is switched by an output of the RS flip-flop 31 j. 

The relationship between the individual states of the transmission lines 20 and 21 and the outputs of the 
comparators 24 through 26 is as shown by the modes 1 through 8 in Table 1 . If the transmission lines 20 

5 and 21 in the mode 8 are short-circuited, voltages "a" and "b rt will be as shown in FIG. 3 if the transmission 
lines are not disconnected from the bias voltage supply circuit 35 and the driving circuit 36. In this case, the 
outputs "c" through "e" of the comparators 24 through 26 will be as shown by the parenthesized states in 
the mode 8 of Table 1 . In other words, the outputs "c" through "e" of the comparators 24 through 26 will be 
all "H" whether the signal is passive or dominant, but if the voltage supply circuit 35 and the driving circuit 

io 36 are disconnected from the transmission lines, the outputs "c" and "d" in response to the passive signal 
will be "H", while the output "e" will be M L W . The outputs "c" and "e" in response to the dominant signal 
will be n H", while the output n d" will be "L". 

The operation of the multiplex transmission apparatus shown in FIG. 4 will now be described for each of 
the modes given in Table 1. The behaviors in the modes 1 through 7 are the same as those in the first 

75 embodiment; therefore, the behavior in the mode 8 will be described. 

In the mode 8, as shown by the parenthesized states of Table 1 , when the bias voltage supply circuit 35 
and the driving circuit 36 are not disconnected from the transmission lines, all the outputs "c" through "e" 
of the comparators 24 through 26 will be "H" whether the signal is passive or dominant. Accordingly, all the 
outputs of the counters 27a through 29a will be "L", and the output of the AND gate 31 i will be "H", causing 

20 the RS flip-flop 31 j to be reset. The reset RS flip-flop 31 j opens the switches 35a and 36d, thus 
disconnecting the bias voltage supply circuit 35 and the driving circuit 36 from the transmission lines. 

In this embodiment, it is preset so that the outputs of the counters 27a through 29a become "L" in 
response to the input of "H" when M H" is detected for longer than 1 message; therefore, the outputs "f" and 
"g" of the AND gates 27b and 28b become "L w , and the outputs of the AND gates 31a and 31b become 

25 "L". This causes the RS flip-flop 31f to be set, opening the AND gate 31 g. Accordingly, an output of the OR 
gate 30 which has passed through the AND gate 31 g, i.e., the logical sum of the outputs "g" and "h" of the 
differential circuits 28 and 29, is given as the output "i" of the OR gate 31 h, and the output "i" is taken into 
the multiplex transmission control circuit 32. 

When the failure of the mode 8 is cleared, the output "d" of the comparator 25 switches to "L" since 

30 the resistor R3 of the bias voltage supply circuit 35 is always connected to the transmission line 20. This 
causes the output of the counter 28a to switch to "H", and the RS flip-flop 31 j is set. This set RS flip-flop 
31 j causes the switches 35a and 36d to be closed, and the bias voltage supply circuit 35 and the driving 
circuit 36 are reconnected to the transmission lines, thus going back to the normal state of the mode 1. 

Thus, in this embodiment, it is arranged so that one of the three or more comparators remains capable 

35 of receiving even if one of the transmission lines fails, and the outputs of these comparators pass through 
their respective differential circuits, thus automatically setting the output of the differential circuit, which is 
linked to a comparator connected to the faulty transmission line, to "L". Only normal signals are supplied to 
the multiplex transmission control circuit by using a logical sum of the outputs of those differential circuits 
as the input to the multiplex transmission control circuit. This enables, in this embodiment, automatic 

40 receiving without depending on message receiving even if one of the transmission lines incurs a failure, 
thus making it possible to perform message transmission with no waste. In addition, in this embodiment, 
message transmission is possible even if the transmission lines are short-circuited, permitting improved 
reliability of the apparatus. 

In the second embodiment shown in FIG. 4, it is designed such that the connection between the 
45 transmission line 20 and the bias voltage supply circuit 35 and the connection between the transmission line 
20 and the driving circuit 36 are controlled, but the present invention is not limited thereto. For instance, as 
shown in FIG. 5, it is also possible to control the connection between the transmission line 21 and the bias 
voltage supply circuit 35 and the connection between the transmission line 21 and the driving circuit 36, by 
connecting the switch 35a of the bias voltage supply circuit 35 between the resistor R1 and the power 
so supply and also by connecting the switch 36d of the driving circuit 36 between the constant-current section 
36b and the buffer 36c. 

Further, the bias voltage supply circuit may be provided either at one point in a network or scattered at 
several points. 

In another example, it is designed so that the RS flip-flop 31 j in the second embodiment is set in 
55 response to a logical sum of the outputs of the counters 27a and 28a. It is also possible to design the 
system so that the RS flip-flop 31f is reset when the output M c" of the comparator 24 remains "H" for 
approximately a one-bit length, and that the RS flip-flop 31 f is set when the output "c" remains "L" for a 
one-byte length to one-message length. In this case, there is an effect that eliminates the need of the gates 



9 



EP 0 529 602 A2 



31a, 31b, and 31e. 

FIG. 6 is a configuration block diagram which shows the third embodiment of the configuration of the 
multiplex transmission apparatus in accordance with the present invention. In the figure, the same sections 
as those in the second embodiment shown in FIG. 4 are assigned the same signs for the convenience of 
explanation. 

Referring to FIG. 6 t the configuration of the multiplex transmission apparatus differs from that of the 
aforementioned second embodiment in that another condition for resetting the RS flip-flop 31 j has been 
added. Specifically, the outputs "f," "g," and "h" of the AND gates 27b through 29b are supplied to the OR 
gates 30 and 311 to calculate the logical sum, and a signal comparing circuit 31m compares the output 
signal, which has taken in the logical sum, with a signal transmitted by the multiplex transmission control 
circuit 32. Further, the comparison result w k" and the output T of the AND gate 31 i are input to the OR 
gate 31k to determine the logical sum, and this output goes through a delay circuit 31 n to provide the 
resetting condition for the RS flip-flop 31j. Also in this embodiment, it is designed so that the RS flip-flop 31j 
is set by the logical sum of the outputs of the counters 27a and 28a at an OR gate 31 p. In this embodiment, 
the signal comparing circuit 31m functions to securely detect the failure of the mode 8 in Table 1 
mentioned above, and the delay circuit 31 n functions to absorb variations in the control time for the 
multiplex transmission apparatuses which are interconnected via the transmission lines. 

Further, the outputs of the counters 27a through 29a are set to n L" on condition that an M H" state which 
lasts longer than the longest "H" signal in a message is detected. Also, the counter 31c issues an output 
when an n H" state approximately equivalent to a one-bit length is detected. Likewise, the counter 31 d 
issues an output when an "L" state which lasts significantly longer than the longest "L" signal in the 
message is detected. This eliminates, in this embodiment, the need of the AND gate 31b shown in FIG. 4, 
allowing outputs of the AND gate 27b to be directly applied to the OR gate 31 h. 

Thus, in this embodiment, other than the effects obtained in the aforementioned second embodiment, 
short circuits between the transmission lines 20 and 21 can be securely detected and also the variations in 
the control time for the multiplex transmission apparatuses can be absorbed. 

FIG. 7 is the configuration block diagram of the fourth embodiment and it shows the major section of 
the configuration of the multiplex transmission apparatus in accordance with the present invention. Other 
sections of the multiplex transmission apparatus which are not shown in the figure are the same as those of 
the first embodiment of FIG. 1 . 

Referring to FIG. 7, the configuration of the multiplex transmission apparatus differs from that of the first 
embodiment in that nonreversing inputs of the first comparator 43 and the second comparator 44 are 
connected to the transmission line 20 via a voltage converting circuit 41, and that the voltage converting 
circuit 41 applies a bias voltage, which is opposite from that of a bias supply circuit 46 discussed later, to 
the transmission line 20 through a resistor R4 of a reverse-bias voltage supply circuit 40 which is interposed 
between the transmission line 20 and the voltage converting circuit 41. Also, reversing inputs of the first 
comparator 43 and the third comparator 45 are connected to the transmission line 21 via the voltage 
converting circuit 42, and the voltage converting circuit 42 applies a bias voltage, which is opposite from 
that of the bias supply circuit 46, to the transmission line 21 through a resistor R5 of the reverse-voltage 
supply circuit 40 which is interposed between the transmission line 21 and the voltage converting circuit 42. 
Further, the bias supply circuit 46 has a bias resistor R6 of approximately 100 Q , for example, to be 
connected to the transmission line 20, and a bias resistor R7 of approximately 100 Q , for example, to be 
connected to the transmission line 21. Thus, the bias voltage is supplied to the ground potential of the 
aforementioned transmission line 20 via the bias resistor R6, while the bias voltage is supplied to the VBIA 
potential of approximately 5V, for example, in the aforementioned transmission line 21 via the bias resistor 
R7. 

In this embodiment, the values of the resistors R4 and R5 are set for about 100k n , for example, which 
is adequately higher than that of the bias resistors R6 and R7 to avoid affecting the bias voltages of the 
transmission lines 20 and 21 . 

The voltage converting circuit 41 comprises resistors R8 through R10, and these resistors R8 through 
R10 are set for values which are within the input voltage ranges of the first comparator 43 and the second 
comparator 44. For instance, when a line voltage Vcc is about 5V, the resistor R8 is set for about 100k 0 , 
the resistor R9 for about 56k 0 , and the resistor R10 for about 68k 0 . 

The voltage converting circuit 42 comprises resistors R11 through R13, and these resistors R11 through 
R13 are set for values which are within the input voltage ranges of the first comparator 43 and the third 
comparator 45. For instance, when the line voltage Vcc is about 5V, the resistor R11 is set for about 100k fl 
, the resistor R12 for about 68K Q , and the resistor R13 for about 56K n . 
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Reference voltages 1 and 2 to be supplied to the second comparator 44 and the third comparator 45 
are set for a value which makes it possible to detect a failure which may take place in the transmission line 
20 or 21. This value may be, for example, about Vcc/2 if the resistors R8 through R13 constituting the 
voltage converting circuits 41 and 42 are set for the above-mentioned values, 
s If the reverse-bias voltage supply circuit 40 in accordance with this embodiment is not provided, no bias 

voltage is supplied, and therefore, if disconnection takes place at point D of a transmission line, the voltage 
values of the non-reversing inputs of the first and second comparators 43 and 44 become unstable. 
Likewise, if disconnection takes place at point E of the transmission line, the voltage values of the reversing 
inputs of the first and third comparators 43 and 45 become unstable. Thus, in this case, disconnection 
w cannot be securely detected if the reverse-bias voltage supply circuit 40 is not provided. 

Accordingly, in this embodiment, by providing the reverse-bias voltage supply circuit, even if dis- 
connection takes place at the point D or E of the transmission line, the input voltages of the first through 
third comparators are securely set for the opposite voltages from the bias voltage supply circuit, making it 
possible to detect the disconnection. 
15 FIG. 8 is the configuration block diagram of the fifth embodiment and it shows the major section of the 
configuration of the multiplex transmission apparatus in accordance with the present invention. The other 
sections of the multiplex transmission apparatus which are not shown are the same as those of the first 
embodiment of FIG. 1 . Reference voltages 1 and 2 supplied to the second comparator 25 and the third 
comparator 26 are set for a value, approximately Vcc/2 f for example, which enables detection of a failure 
20 which may occur in the transmission lines 20 or 21. The bias voltage supply circuit 46 has the same 
configuration as that of the bias voltage supply circuit shown in FIG. 7. 

Referring to FIG. 8, the configuration of the multiplex transmission apparatus differs from that of the first 
embodiment in that transmitted data sent out from the multiplex transmission control circuit 32 is applied to 
the second constant-current driving circuit 51, and constant current is taken in through the transmission line 
25 21. It also differs in that complement data of the transmitted data from the multiplex transmission control 
circuit 32 are applied to the first constant-current driving circuit 50, and constant current is discharged 
through the transmission line 20. 

More specifically, the first constant-current driving circuit 50 comprises a transistor T1, diodes D1 
through D4, and resistors R20 through R23. The aforementioned transistor T1, diodes D1 and D2, and the 
30 resistors R20 and R21 are decisive factors of the value of the current discharged, and the current value is 
determined by the voltage between the base and emitter of the transistor T1, the forward voltages of the 
diodes D1 and D2, and the values of the resistors R20 and R21. The resistors R22 and R23 are resistors 
limiting the base current of the aforementioned transistor T1. The diode D3 is a diode which prevents 
currents from the transmission line 20 from turning in. The diode D4 is a diode used to prevent delay in the 
35 switching speed of the transistor T1. In other words, the diode D4 functions to let currents constantly flow 
into the collector of the transistor T1 so that the transistor T1 no longer becomes saturated, thus preventing 
slowdown of switching of the transistor. 

The second constant-current driving circuit 51 comprises a transistor T2, diodes D5 through D8, and 
resistors R24 through R27. The aforementioned transistor T2. diodes D5 and D6, and resistors R24 and R25 
40 are decisive factors of the value of currents taken in. The current value is determined by the voltage 
between the base and emitter of the transistor T2, the forward voltages of the diodes D5 and D6, and the 
values of the resistors R24 and R25. The resistors R26 and R27 are resistors which limit the base current of 
the transistor T2. The diode D7 is a diode which prevents currents from the transmission line 20 from 
turning in. The diode D8 is a diode used to prevent delay in the switching speed of the transistor T2. In 
45 other words, the diode D8 functions to let currents constantly flow into the collector of the transistor T2 so 
that the transistor T2 no longer becomes saturated, thus preventing slowdown of switching of the transistor. 

Thus, in this embodiment, constant-current drive is used for the driving means of the transmission lines; 
therefore, even if ground potential differences occur among the multiplex transmission apparatuses, the 
voltage value of the transmission lines can be maintained at a constant level, making it possible to reduce 
so undesirable radiation noises produced in the transmission lines. Further, in this embodiment, the constant- 
current driving circuit is not saturated, causing no slowdown in the driving speed of the constant-current 
driving circuit: This gives an effect of ensuring simultaneity of data. 

FIG. 9 is the configuration block diagram which shows the sixth embodiment of the configuration of the 
multiplex transmission apparatus in accordance with the present invention. In this figure, the sections which 
55 are the same as those of the first embodiment of FIG. 1 and the third embodiment of FIG. 6 are assigned 
the same signs for the convenience of explanation. 

Referring to FIG. 9, this configuration of the multiplex transmission apparatus differs from that of the 
aforementioned third embodiment in three points. The first point is that the apparatus has the same signal 
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comparing circuit 33 and the display circuit 34 as in the first embodiment, and the received signal i ( which 
is issued by the OR gate 31 h and supplied to the multiplex transmission control circuit 32 and the 
transmitted signal I issued by the aforementioned multiplex transmission control circuit 32 are supplied to 
the OR gate 42 to calculate the logical sum which is applied to the signal comparators 33a and 33b. The 
second point is that a counter 31 q, which receives the output "c" of the comparator 24, is installed in place 
of the counters 31c and 31 d given in the third embodiment, comparison results (information on faults in the 
transmission lines) "m M and "n" of the signal comparing circuit 33 are supplied to the OR gate 31 r to 
calculate the logical sum, the outputs of the OR gate 31 r, counter 31 q and AND gate 31a are supplied to 
the OR gate 31 e, and an output of the OR gate 31 e is directly applied to the AND gate 31 g. The third point 
is that an output of a counter 39, which counts the outputs of the comparator 37, has been added to the 
condition for switches 35a and 36d to disconnect the bias voltage supply circuit 35 and the constant-current 
section 36a from the transmission line 20, and also an output of a counter 40, which counts the outputs of 
the comparator 38, has been added to the condition for a switch 36e to disconnect the constant-current 
section 36b from the transmission line 21 . 

More specifically, the signal comparing circuit 33 compares the outputs "g" and "h" of the differential 
circuits 28 and 29 with the received signal f, i" or transmitted signal I which is an output from the OR gate 
42. Accordingly, the display circuit 34 can indicate comparison results of the signal comparing sections 33a 
and 33b at the time of transmitting as well as receiving. 

The counter 31 q outputs "L M when the output "c" of the comparator 24 holds the "H" state for longer 
than the T2 time (approximately 1 bit long). The OR gate 31 e issues the "L" state signal to place the AND 
gate 31 g in the closed state when the inputs from the aforementioned counter 31 q, the AND gate 31a and 
the OR gate 31 r are all "L". This enables the OR gate 31 h to supply the output "f" of the differential circuit 
27 as the received signal "i" to the multiplex transmission control circuit 32. The counter 31 q issues "H" 
when the output "c M of the comparator 24 holds the "L" state for longer than the T1 time (approximately 1/2 
frame long). The OR gate 31 e places the AND gate 31 g in the open state when the input from the 
aforementioned counter 31 q is "H". This enables the OR gate 31 h to supply the logical sum of the outputs 
"f", "g", and M h" of the differential circuits 27, 28, and 29 as the received signal V to the multiplex 
transmission control circuit 32. 

Predetermined reference voltages Ve and Vf applied to the comparators 37 and 38 are set for specified 
values to enable the counters 39 and 40 to detect overvoltage in the transmission line 20 or 21. The 
aforementioned counters 39 and 40 function to accurately judge that the transmission line 20 or 21 has 
recovered the normal voltage. More specifically, the counters 39 and 40 issue "L" when the outputs of the 
comparators 37 and 38 hold the W H" state for longer than the prescribed time, and they turn off the switch 
35a of the bias voltage supply circuit 35 and the switches 36d and 36e of the constant-current sections 36a 
and 36b. This makes it possible, in this embodiment, to disconnect the resistor R2 of the bias voltage 
supply circuit 35 and the driving circuit 36 from the transmission lines 20 and 21. The counters 39 and 40 
issue "H" when the outputs of the comparators 37 and 38 hold the "L" state for longer than the 
predetermined time, and turn on the aforementioned switches 35a, 36d, and 36e. This makes it possible, in 
this embodiment, to connect the bias voltage supply circuit 35 and the driving circuit 36 to the transmission 
lines 20 and 21 . 

Thus, in this embodiment, there is an effect that information on failures in the transmission lines can be 
acquired also at the time of transmission rather than only at the time of receiving. In addition, in this 
embodiment, the counter 31 q replaces the functions of the counters 31c and 31 d, eliminating the need of 
the RS flip-flop 31f. Further, in this embodiment, the logical sums of the comparison results "m" and "n" of 
the signal comparing circuit 33 are connected the OR gate 31 e, so that the AND gate 31 g can be opened or 
closed also by information on failures in the transmission lines, permitting more reliable message 
transmission. Furthermore, in this embodiment, the bias voltage supply circuit 35 and the driving circuit 36 
can be isolated from the transmission lines when the transmission lines incur overvoltage, making it 
possible to protect the aforementioned bias voltage supply circuit 35 and the driving circuit 36. 

Where technical features mentioned in any claim are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing the intelligibility of the claims and accordingly, such 
reference signs do not have any limiting effect on the scope of each element identified by way of example 
by such reference signs. 

Claims 

1. A multiplex transmission apparatus(10) which is interconnected to other multiplex transmission 
apparatuses(11) via at least two common transmission lines(20,21), said multiplex transmission appara- 
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tus comprising: 

converting means(22,23) which converts signals of the transmission lines(20 f 21) into corresponding 
voltages(a.b); 

first comparing means(24) which compares the converted voltages(a.b) of the transmission lines- 
5 (20,21) with each other; 

second comparing means(25) which compares one of the converted transmission line voltages(a) 
with a predetermined reference voltage(Vc); 

third comparing means (26) which compares the other of said converted transmission line voltages- 
(b) with a predetermined reference voltage(Vd); 
io characterized in that first output means(27) which issues a low-level signal when an output level of 

the comparison result of the first comparing means (24) remains at a high level for a predetermined 
time; 

second output means(28) which issues a low-level signal when an output level of the comparison 
result of the second comparing means (25) remains at a high level for a predetermined time; 
75 third output means (29) which issues a low-level signal when an output level of the comparison 

result of the third comparing means(26) remains at a high level for a predetermined time; 

logical synthesizing means(31) which logically synthesizes the outputs of the first, second and third 
output means(27 to 29); and 

signal detecting means (32) which receives the synthesizing results of the logical synthesizing 
20 means (31) and detects signals of the transmission lines(20,21) according to said synthesizing results. 

2. The multiplex transmission apparatus(IO) according to claim 1, characterized in that said multiplex 
transmission apparatus comprises fault detecting means(33) which compares the outputs of the second 
and third output means(28,29) with the synthesizing results of the logical synthesizing means(31) and 

25 detects faults in the transmission lines(20,21) in accordance with said comparison results. 

3. A multiplex transmission apparatus(1 0) which is interconnected to other multiplex transmission 
apparatus(11) via at least two common transmission lines(20,21), said multiplex transmission apparatus 
comprising: 

30 bias voltage supply means(35) which supplies a bias voltage to the transmission lines(20,21); 

constant-current means(36) which supplies currents to one of the transmission lines(20); while it 
takes in currents from the other transmission line(21); 

converting means(22,23) which converts signals of the transmission lines(20,21) into corresponding 
voltages(a,b); 

35 first comparing means(24) which compares the converted voltages(a.b) of the transmission lines- 

(20,21) with each other; 

second comparing means(25) which compares one of the converted transmission line voltages(a) 
with a predetermined reference voltage(Vc); 

third comparing means (26) which compares the other of the converted transmission line voltages- 
40 (b) with a predetermined reference vo!tage(Vd); 

characterized in that first output means(27) which issues a low-level signal when an output level of 
the comparison result of the first comparing means(24) remains at a high level for a predetermined 
time; 

second output means(28) which issues a low-level signal when an output level of the comparison 
45 result of the second comparing means(25) remains at a high level for a predetermined time; 

third output means(29) which issues a low-level signal when an output level of the comparison 
result of the third comparing means(26) remains at a high level for a predetermined time; 

logical synthesizing means(31) which logically synthesizes the outputs of the first, second and third 
output means(27 to 29); 

50 connection control means(31j) which controls the connection between one of the transmission lines- 

(20 or 21) and the bias voltage supply means(35) and the connection between said one transmission 
line(20 or 21) and the constant-current means(36) in accordance with output results of the first, second 
and third output means(27 to 29); and 

signal detecting means(32) which receives the synthesizing results of the logical synthesizing 

55 means(31) and detects signals of the transmission lines(20,21) according to said synthesizing results. 

4. The multiplex transmission apparatus(1 0) according to claim 3, characterized in that said multiplex 
transmission apparatus comprising fourth comparing means(31m) which compares a transmitted signal 
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sent to the transmission lines(20,21) with the output results of the first, second and third output means- 
fay to 29) by using the constant-current means(36), the connection control means(31j) controlling the 
connection between one of the transmission lines(20 or 21) and the bias voltage supply means(35) and 
the connection between said one transmission line(20 or 21) and the constant-current means(36) in 
s accordance with the results of said fourth comparing means(31 m) and output results of the first, second 

and third output means(27 to 29). 

5. The multiplex transmission apparatus according to claim 4, characterized in that said multiplex 
transmission apparatus comprises fifth comparing means(37), which detects the voltage(a) of one of the 

w transmission lines(20,21) and compares said voltage(a) with a predetermined reference voltage(Ve), and 
sixth comparing means(38) which detects the voltage(b) of the other transmission line(21) and 
compares said voltage(b) with a predetermined reference voltage(Vg), the connection control means- 
(31 j) controlling the connection between one of the transmission lines(20 or 21) and the bias voltage 
supply means(35) and the connection between said one transmission line(20 or 21) and the constant- 
's current means(36) in accordance with output results of the first, second and third output means(27 to 
29), results of the fourth comparing means(31m), results of the fifth comparing means(37), and results 
of the sixth comparing means(38). 

6. The multiplex transmission apparatus according to claim 5, characterized in that the said fifth 
20 comparing means(37) and said sixth comparing means(38) change comparison results thereof when the 

voltage of the transmission lines(20,21) remains higher than the reference voltage for a predetermined 
time or when the voltage of the transmission lines(20,21) remains lower than the reference voltage for a 
predetermined time. 

25 7. The multiplex transmission apparatus(IO) according to claim 3, characterized in that said multiplex 
transmission apparatus comprises delaying means(31n) which delays the control conducted by the 
connection control means(31j) over the connection between one of the transmission lines(20 or 21) and 
the bias voltage supply means(35) and the connection between said one transmission line(20 or 21) 
and the constant-current means(36). 

30 

8. The multiplex transmission apparatus according to claim 4, characterized in that said multiplex 
transmission apparatus comprises a delaying means(31n) which delays the control conducted by the 
connection control means(31j) over the connection between one of the transmission lines(20 or 21) and 
the bias voltage supply means(35) and the connection between said one transmission line(20 or 21) 

35 and the constant-current means(36). 

9. The multiplex transmission apparatus(IO) according to claim 3, characterized in that said multiplex 
transmission apparatus comprises a reverse-bias voltage supply means(40) which supplies a bias 
voltage, which is opposite from the bias voltage, between the transmission iines(20 f 21) and the 

40 converting means(22(41),23(42)). 

10. The multiplex transmission apparatus(IO) according to claim 4, characterized in that said multiplex 
transmission apparatus comprises reverse-bias voltage supply means(40) which supplies a bias 
voltage, which is opposite from the bias voltage, between the transmission lines(20,21) and the 

45 converting means(22(41),23(42)). 

11. The multiplex transmission apparatus(IO) according to claim 3, characterized in that said multiplex 
transmission apparatus comprises saturation preventing means(50,51) which prevents the constant- 
current means from being saturated. 

50 

12. The multiplex transmission apparatus(IO) according to claim 4, characterized in that said multiplex 
transmission apparatus comprises a saturation preventing means(50,51) which prevents the constant- 
current means from being saturated. 

55 13. A multiplex transmission apparatus(IO) which is interconnected to other multiplex transmission 
apparatuses(11) via at least two common transmission lines(20,21), said multiplex transmission appara- 
tus comprising: 

bias voltage supply means(35) which supplies bias voltage to the transmission lines(20,21); 
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constant-current means(36) which supplies currents to one of the transmission lines(20), while it 
takes in currents from the other transmission line(21); 

converting means(22,23) which converts signals of the transmission lines(20,21) into corresponding 
voltages(a,b); 

first comparing means(24) which compares the converted voltages(a.b) of the transmission lines- 
(20,21) with each other; 

second comparing means(25) which compares one of said converted transmission line voltages(a) 
with a predetermined reference voltage(Vc); 

third comparing means(26) which compares the other of said converted transmission line voltages- 
(b) with a predetermined reference voltage(Vd); 

characterized in that first output means(27) which issues a low-level signal when an output level of 
the comparison result of the first comparing means(24) remains at a high level for a predetermined 
time; 

second output means(28) which issues a low-level signal when an output level of the comparison 
result of the second comparing means(25) remains at a high level for a predetermined time; 

third output means(29) which issues a low-|evel sjgnal when an output level of the comparison 
result of the third comparing means(26) remains at a high level for a predetermined time; 

logical synthesizing means(31) which logically synthesizes the outputs of the first, second and third 
output means(27 to 29); 

fault detecting means(33) which compares a transmitted signal sent to the transmission lines(20,21) 
by the constant-current means(36) with the outputs of the second and third output means(28,29) and 
compares the synthesizing result of the logical synthesizing means(31) with the outputs of the second 
and third output means(28,29), and which detects faults in the transmission lines(20,21) according to 
said comparison result; and 

signal detecting means(32) which receives the synthesizing results of the logical synthesizing 
means(31) and detects signals of the transmission lines(20,21) according to said synthesizing results. 
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